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coordinating the handling of a wide variety of natural and man-made
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In the past two decades, the United States has made great stride
in developing new technology and instrumentation in remote sensing.
It is obvious that this technology can be utilized much more effec-
tively than it is as present in the field of emergency management. Td
this end, two workshops were held to identify areas where remote
sensing technology has greatest utility and to develop recommendation#
for implementation of a remote sensing program into F.E.M.A.

It was recognized early in the first workshop that before any
monitoring system could be recommended, it will be necessary for
F.E.M.A. to undertake a study of the information requirements for
specific categories of disasters. Experience has shown that remote
sensing technology is best employed where there is an in-depth under-
standing of the data and information requirements for which that
technology is to be used. It is apparent that remote sensing can
and should become one of the tools for the operations branch of
F.E.M.A. It is also apparent tht essentially all of the sensor
systems probably needed by F.E.M.,A. are available from other federal
agencies.

The lack of information on what data are needed for any emer-
gency or category of emergencies does not permit recommendations of
specific remote sensing technologies to F.E.M.A. It was the con-
census of the two workshops that the most impcrtant steps that
F.E.M.A. can take at this time are to:

(1) determine the disaster spatial and temporal information

needs (this will have to be done on a regional basis);

(2) determine where data bases exist and supplement these as
needed in each region;

(3) establish interagency agreements to obtain the data required
for each type of disaster;

(4) establish procedures for converting data into information
usable to the decision maker;

(5) identify the person(s) requiring the information; and

(6) establish the communication links for the integrated systems
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Disasters are not unknown to any locality in the United States.
Unfortunately, it is difficult to specify the amount of damage, loss of
life, etc. to permit uniform guidelines for management. Many small emer-
gencies such as a tornado in a rural area can be managed by local officials.

Larger emergencies often require management assistance from state and

federal officials. Unfortunately, in the past, evidence shows that many
of the problems of emergency management are compounded, if not caused, by
a lack of accurate, timely and detailed information. During and immediately
after a disaster such as a hurricane or a power plant explosion, information
must be accumulated quickly, analyzed and distributed to the decision makers
who have responsibilities for allocating resources and setting priorities.
The new Federal Emergency Management Agency has the overall responsibility
for developing emergency management plans and developing technology for
coordinating the handling of a wide variety of natural and man-made disasters.
In the past two decades, the United States has made great strides in
developing new technology and instrumentation in remote sensing. It is

obvious that this technology can be utilized much more effectively than

it is at present in the field of emergency management. To this end,
two workshops* were held to identify areas where remote sensing technology
has greatest utility and to develop recommendations for implementation of
a remote sensing program into F.E.M.A.

It was recognized early in the first workshop that before any
monitoring system could be recommended, it will be necessary for F.E.M.A. 1
to undertake a study of the information requirements for specific cate- {

gories of disasters. Experience has shown that remote sensing technology '

*List of workshop attendees is provided in Appendix A.
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is best employed where there is an in~depth understanding of the data
and information requirements for which that technology is to be used.
It is apparent that remote sensing can and should become one of the
tools for the operations branch of F.E.M.A. It is also apparent that
essentially all of the sensor systems probably needed by F.E.M.A. are
available from other federal agencies.

The lack of information om what data are needed for any emergency
or category of emergencies does not permit recommendations of specific
remote sensing technologies to F.E.M.A, It was the concensus of the
two workshops that the most important steps that F.E.M.A. can take at
this time are to:

(1) determine the disaster spatial and temporal information needs

(this will have to be done on a regional basis);

(2) determine where data bases exist and supplement these as

needed in each region;

(3) establish interagency agreements to obtain the data required

for each type of disaster;

(4) establish procedures for converting data into information

usable to the decision maker;

(5) identify the person(s) requiring the information; and

(6) establish the communication links for the integrated systems.

More detailed recommendations are provided in this report.




INTRODUCTION

The word disaster (Lat: dis-astrum, cf. ill-starred) can be defined
as any natural or man-made occurrence causing widespread distress, often
with loss of human life, usually with great loss of property and with

; considerable upheaval of the social system. The terms catastrophe and

T

calamity are often used interchangeably with disaster, however they are

also used to describe unfortunate events befalling single individuals.

A cataclysm is a sudden and violent upheaval often associated with extreme
peophysical events and usually implies such large scale damage that recovery
i is either impossible, or at least, very long term. In the Presidential

Document creating the Federal Emergency Management Agency (hereinafter

: referred to as FEMA), "a civil emergency means any accidental, natural,

p man-caused, or wartime emergency or threat thereof, which causes or may

cause substantial injury or harm to the population or substantial damage
to or loss of property.”

By the above definitions, there can be no doubt that we live in an

age of disasters and emergencies. Hardly a day passes without a media
report of a natural or man-~caused disaster, an act of terrorism or an
act of agression between nations somewhere in the world. Based on 1955

costs, the annual loss from natural disasters if now nearly $4.5 billion

in the United States alone. Estimates in Table 1 indicate that over a recent
20 year period, major natural disasters of the world resulted in the loss

of life for more than 388,000 persons. Table 2 shows that, in the United
States, the annual loss of life from natural disasters exceeds 1,300. As

the country becomes more densely populated, particularly in the urban

areas, it is probable that this number will increase. In the worst

disaster in American history, the Galveston flood of 1900, a total of
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Table 1. Number of World Major Natural Disasters
By Causal Agent, 1947-67.

Number of Loss
Agent Disasters Of Life
Floods 209 173,170
Typhoons, hurricanes, cyclones 148 101,985
Earthquakes 86 56,100
Tornadoes (including swarms of 66 3,395
contemporaneous ones)

Gales and thunderstorms 32 20,940
Snow storms 27 3,520
Heat waves 16 4,675
Cold waves 13 3,370
Volcanic eruptions 13 7,220
Landslides 13 2,880
Rainstorms 10 1,100
Avalanches 9 3,680
Tidal waves (alone) 5 3,180
Fogs 3 3,550
Frost 2 -
Sand and dust storms 2 10

Totals 654 388,775

Source: Hewitt and Sheehan, 1969.
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Table 2. Injuries, Loss of Life, and Property Damage Resulting
From Selected Natural Hazards in the United States,
Annual Basis: 3- to 5-Year Average.

Loss Property Damage
Hazard Injuries of Life (Millions of $)
Hurricanes 6,755 41 448.7
Tornadoes 2,019 124 180.0
Excessive Heat 236
Winter Storms 500 366 182.1
(excessive cold)
Lightning 248 141 33.5
Floods 610 62 399.5
Earthquakes 112 28 102.7
Tsunami 40 24 21.0
Transportation Accidents 237 288 18.9
related to weather, etc.
Drought 78.6%
Hail 22.1%
Excess Moisture 27.7%
Wind 11.8%

*Farm crop losses only

Source: The U. S. Department of Commerce




6,000 lives were lost. According to a United States' government estimate,
a 7.5 Richter scale shock along the Newport-Inglewood fault, which runs
south through downtown Los Angeles, could kill between 20,000 and 200,000
people, seriously injure another million and make two to three million
homeless. Such a disaster is not improbable. Indeed, it is almost
certain to happen; only the time and date are unknown.

For the past 50 years, the United States has developed many kinds
of programs to study, monitor and predict the occurrence of natural and
man-caused disasters. Some of these efforts, particularly those involving
weather hazards, have been somewhat successful; others have been notable
failures. One of the difficulties in developing a coordinated program
has been the fragmentation of activities throughout federal government.

By one count there are more than 150 separate groups, often with several
subgroups, concerned with disaster-related research. For example, the
National Academy of Sciences -- National Research Council has approximately
40 committees and boards with disaster related responsibilities.

Under the President's Emergency Preparedness Reorganization Plan
(Executive Order 12148, July 20, 1979), section 2.201(c) all civil defense
and civil emergency functions, resources, and systems of Executive agencies
are to be developed, tested and utilized to prepare for, mitigate, respond
to and recover from the effects on the population of all forms of emergen-—
cies. The agencies which were merged into FEMA as part of this plan are
the Defense Civil Preparedness Agency, the Federal Preparedness Agencv, the
Federal Disaster Assistance, the Federal Insurance Administration, and Fire
Prevention and Control Administration. FEMA has also been assigned respon-
sibilities for coordination of emergency warning and federal respense to

consequences of terrorist incidents.
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In the last decade, and particularly in the last few years, the
technology of monitoring by remote sensing has made rapid strides for-
ward. This report discusses the potential application of this technology

to areas of FEMA responsibility.

FOUNDATIONS OF REMOTE SENSING

Remote sensing is the acquisition of information about an object,
area or phenomenon through analysis of data acquired by a device that
is not in intimate contact with the object, area or phenomenon under
investigation. The remotely collected data can be in many forms, in-
cluding such things as variations in force distributions, acoustic wave
distributions or electromagnetic energy distributions. Most of the
newer technology, and in particular, that with which we are concerned
in this study, has been in the electromagnetic energy system.

The most familiar form of electromagnetic energy is visible light.
The human eye acquires data on variations in the visible portion of the
electromagnetic energy distribution. Visible light, however, is only
one of many forms of electromagnetic enmergy. Radio waves, heat, ultra-
violet and X~rays are other familiar forms which are utilized in remote
sensing. All wavelengths together from Gamma rays to radio waves, form
the electromagnetic spectrum (Figure 1). Each object on earth reflects,
absorbs or radiates in some portion of the electromagnetic spectrum
according to its own particular structure and composition, The reflected
and emitted energy either wavelength or intensity (or both) are like
fingerprints which can be used to help identify or characterize the

object. Such "fingerprints" are referred to as spectral signatures.




‘wnix3oadg or32ulewoa3loaTy oYl T 2andT4

<
.O@ m.\b \\N
o, .\3«\ “, v &
S %, @ e 5 Ta,
O\.w (4 »oau /e, Y, o (2 * 9,
%, 0, “© % Y T T “ £
% 9, v, Yo, TS, <, v ( o.
e % v Y 1 ™ + < )
g
~ N g
! AN
(wn) wbuainem 01 0L 0L gOL 0L 0L 0L 0L G L L0l 00 (Ol , 0L gOL o0 (wrdhubuaaea
{wi) {wwi)
HENSIA
; ~ _
O..:m:c..w 3 ﬁ,m w =4
uSuo:om__ g | g & AR

418 ]

{wf) (0 90 S0 vO




i VT

The visible portion of the spectrum is extremely small, however,
with this band, the human eye and several types of photographic film
are multi-spectral remote sensors which are able to discriminate between
shades of grey (intensity) or between wavelength (colors). There is
much information about the earth in the reflective ultraviolet, near
infrared, thermal infrared and microwave portions of the spectrum.
Data in these portions of the electromagnetic spectrum can be obtained
either photographically or electronically using new devices developed

by NASA and the Department of Defense,

Data Acquisition and Interpretation

In remote sensing, the term 'photograph'" is reserved for scenes
that are detected as well as recorded on film, Photographic systems
have the advantage of being relatively simple and inexpensive and with
high quality lenses provide a high degree of spatial integrity. Elec-
tronic sensors generate an electric signal (voltage or frequency) that
corresponds to variations in reflected or emitted energy variations in
the scene. Although often considerably more expensive and complex,
electronic sensors can have a greater sensitivity to narrow wavebands,
more precise calibration and the ability to transmit data by radio.

The photographic film acts as both the detecting and recording
medium. Electronic sensor data are usually recorded onto magnetic
tape which may be converted later into a film, such as with a television
camera or thermal scanner.

The term image is the generic term for any pictoral representation

of scene data. In applications where spectral "fingerprints" are not

P .




easily distinguished, it is often more useful to analyze the data from

electronic sensors numerically rather than pictorally. Computer programs

are now generally available for processing of electronically scanned data;

often this greatly increases the information content of electronic scanner
'

output.

Many applications of remote sensing to natural or man-caused disasters
have spatial and temporal requirements. Temporal effects are those factors
that change the spectral characteristics of a scene over time, Spatial
effects refer to factors that cause the same objects to have different
characteristics at different locations at the same time. Spatial and
temporal effects are valuable tools in interpreting remotely sensed data
(such as mapping of vegetated areas which are undergoing stress following
a drought, spraying with herbicide, etc.).

In addition to changes in spectral signatures caused by spatial and
temporal variations of the scene, all electromagnetic radiation received
by the remote sensor has passed through some distance, or path length,
of atmosphere. While the atmospheric effects vary greatly with wave-
length, the spatial and temporal variations of the atmosphere (i.e., water
vapor, dust, clouds, etc.) can have a profound effect upon the intensity
and spectral composition of the signal received by any sensor system
(Figure 2).

As a result of the spatial and and temporal effects of the surface
and atmosphere, many earth surface feature spectral fingerprints are not
as distinctive as one would wish. As a result no single combination of

sensor and interpretation procedure is appropriate to all inventorying

and monitoring applications.
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Figure 3 shows the generalized procedure for bringing remote sensing
technology into emergency management. In order to incorporate this tech-
nology successfully into the FEMA program, the following steps must be
carefully considered: (a) a clear definition of the specific event to
be monitored; (b) a determination of the potential for using remote
sensing technology; (c) an identification of the sensor(s) applicable
and the data processing requirements; (d) a determination of the spatial
and temporal resolution requirements; and (e) the development of specific
criteria for judging the quality and usefulness of the information collected.

For certain types of events, the application of remote sensing tech-
niques may involve multispectral sensing, multitemporal sensing and even
multistage sensing. The multistage approach may include data from satel-
lites, high and low aircraft platforms and ground based sensors (Figure 4).
Information extracted at high altitude provides a synoptic view of the
object or event. Each successively lower observation level may provide
more detailed information over smaller geographical areas.

Thus, not only must the right mix of sensor systems' spatial and
temporal criteria and data recording, reduction and interpretation tech-
niques be chosen, it must be recognized that remote sensing for disaster
monitoring is not an end unto itself. In many, if not all cases, it is
a tool best applied in concert with "conventional" techniques. Indeed,
there may be many monitoring problems that are not amenable to remote
sensing technology at all.

Unfortunately, no clear articulation of the information requirements
for pre-, trans- and post-disaster periods was provided to the workshop
attendees. Without this. specific recommendations on which sensor systems
spatial and time frame monitoring of individual disaster events proved

essentially impossible.




11

*§921Nn0S3ay Yaaeg jo Sufsusg 9jowdy OF3IdUSewoxldaTy

sainiea; adeNs Yiie3 (9)

$19npoud $21npas0sd
uonewIoU| uoneldididiug stanpoud eie SwalsAs buisuas
it 4] (% (P

O B~
e s W.W

$.3%N ‘
i amenueny | [ouBWAN
e t
AR N -— b ] e —
oW o ° fw ° w “
T7 jensiA J 1eLUOINd | %
-] i !
| i :
! i .
@ || L7
i i !
| _J i
i B
N y\wn
]
eep r
303943y

SISATYNY V1VQ < =—=———"=NOQILISINDIV ViVJ

‘¢ @an31y

/M

a;aydsowie ayd

ybnouys vonebedoid (9)
ABiaud j0 S8N05 (¥) m“

SO AEIS o ik NN P % § g WA 2 2

o B> it




12

SATELLITE
DATA

- — i ———

HIGH ALTITUDE
DATA

w \\\\\\\\Nw.‘\\“\\‘
m \\\\\ N.t\
Es £l
2
-7 [ \
- \\\L.M.A \\Q\
P [
III//IIII .W,.L \\“\\
L4
I \\m\
et
\
R
TS~o LS

GROUND OBSERVATIONS

)

\

\\\\\\\\

i
1

I

\ w\\\

il
i

/

Multistage Remote Sensing Concept.

Figure 4.




¥

13
AVAILABILITY OF REMOTE SENSING TECHNOLOGY FOR DISASTER RESPONSE

Imaging Systems

BB ~— N japlicr

In the past 15 years the development of sensor technology has
progressed to the level that aircraft and spacecraft systems can now
be designed to respond specifically to almost any selected information
requirements. Synchronous orbiting satellites provide continuous

coverage of cloud cover while orbiting satellites provide high reso-

lution imagery of the earth's surface in many spectral bandpasses.
Aircraft carrying sophisticated active and passive sensors are avail-
able in the private sector as well as several civilian and military
federal agencies.

While both aircraft and orbiting platforms have many advantages
for monitoring of earth features, they each do have certain limitations
as well. Synchronous satellite sensors have low spatial resolution;
orbiting satellites have temporal limitations, i.e. they are limited
to repeat coverage depending upon their orbital characteristics --
usually days. Aircraft are sometimes limited by adverse weather and
requirements for multiple overflights to obtain complete coverage of
a target area. In many emergency management situations, therefore,
it appears logical to consider use of combinations of satellite and
alrcraft remote sensing systems. During the pre-disaster period, in
most cases, mapping and monitoring can be best accomplished by satellites.

If amenable and predicted, short-term warning information most likely

will come from aircraft monitoring. Because disasters are not scheduled

to match satellite overpass time, it is expected that most monitoring
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information during the trans-disaster period will come from aircraft
overflights. Information required for post~disaster rehabilitation
and reconstruction can come from either system, depending upon spatial

and temporal time frames required.

Current and Near Future Satellite and Aircraft Remote Sensing Systems

The following information on remote sensing capabilities of NASA

are provided to give the reader a general understanding of the potential
for monitoring using remote sensing technology. Even more advanced
technology is available within the Department of Defense, however, most
of the military technology is classified and would not normally be
expected to be available to the local, state or regional offices involved
in emergency management. Other agencies, such as the U.S.G.S., U.S8.F.S
and D.O.E. also have aircraft equipped with various remote sensing

instrumentation.

At the present time, NASA has some 24 rotary and fixed wing aircraft
supporting programs in instrumentation and technique development, for
astronomical observations and for making in-situ measurements in the
upper atmosphere. NASA's airborne research activity, which includes
high altitude aircraft such as the U-2 and WB-57F and airborne obser-
vations like the C-141 and Convair 990, resides at the Ames Research
Center in California and at the Johnson Space Center in Texas. Most

terrestrial observation programs are managed by the Office of Space and

Terrestrial Applications, NASA Headquarters, Washington D. C.
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Tables 3, 4 and 5 provide information on the performance character-
istics of three of the NASA aircraft which might be utilized for emer-
gency monitoring under an interagency agreement. Tables 6, 7 and 3
show the photographic and electromagnetic scanner capability currently
available on these aircraft. Since they are research platforms, the
instrument packages may be expected to change. They could not, therefore,
be depended upon to collect data with all of these sensors at any given
time.

NASA is presently evaluating a much improved version of the U-2
aircraft known as the ER-2, The justification for this aircraft is
strongly tied to user needs and economics. It might be expected,
therefore, that an arrangement could be made whereby FEMA could have
access to a remote sensing system aboard an aircraft capable of reaching
any point in the continental United States in a matter of a few hours
and mapping targets of interest at any altitude from the surface to

above 70,000 feet.

Remote sensing from space has been in existence since the 1891
patent to Rahrmann in Germany for his "New and Improved Apparatus for
Obtaining Bird's Eye Photographic Views" -- a rocket propelled camera
system recovered by parachute. From this early beginning, technology
has been developed to the extent that it is now possible to read the
numbers on license plates on vehicles along highways from photographs
obtained from Vidicon cameras aboard orbiting satellites.

With the increasing capability to obtain, process and apply

remotely sensed data from space, it is often assumed that remote sensing
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Table 3. NASA U-2 Performance Characteristics.

Range 4700 km (2500 n.m.)
Mission Endurance 6 hours at Mach 0,69
Cruise Speed 740 km/hr (400 knots) TAS
Mission Altitude 20 km (65,000 feet)
Maximum Payload 665 kb (1,450 1bs)

Table 4. NASA NC130B Specifications.

ENGINE: 4 Turboprop

ALTITUDE: 30,000 Feet

DURATION: 8 Hrs: 6 Hrs Data Acquisition

PAYLOAD: Standard and Experimental; 20,000 Pounds Maximum

CREW: 3 Crew, Plus Operators and Principal Investigators

FEATURES: Standard Complement

Walk-on Payload Capability

Remote Integration Capability
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Table 5. NASA WBS7F Specifications.

ENGINE: 2 Turbofan (2 Jet)

ALTITUDE: 60,000 Feet

DURATION: 6 Hrs; 4 Hrs. Data Acquisition
PAYLOAD: Universal Pallet System; 4,000 Pounds
CREW: Pilot and Scientific Equipment Monitor
FEATURES: Universal Pallet

Standard Interface

Remote Integration Capability

Table 6. U-2 Photographic Systems.

Film Ground Nominal

Format, Coverage Resolution
Designation Lens in. @ 65,000 ft @ 65,000 ft
Vinten (Four) 1-3/4 in. F.L. 2-1/4x 14 X 14 n. mi. 10-20 m
I%S Multispectral 100 mm F.L. 9X9 9 X9 n. mi. 6~10 m
(Four Bands)K-22 F 2.8 (4 @ 3.5)
RC-10 6 in., F4 9 X9 16 X 16 n. mi. 3-8 m
RC-10 12 in., F4 9Xx9 8 X 8 n. mi. 1.5~4 m
HR-732 24 in., F8 9 X 18 4 X 8 n. mi. 0.6-3m
HR-73B-1 36 in., F10 18 X 18 5.3X5.3 n. mi. 0.5-2 m
ITEK Panoramic 24 in., F3.5 4.5 X 50 2 X 37 n. mi. 0.3-2 m

R.C.S. 24 in., F3.5 2.28 X 30 1.1 X 11 n, mi. 8"-12"
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Table 7, U-2 Imaging Electronic Sensor Systems.

° HEAT CAPACITY MAPPING RADIOMETER
o OCEAN COLOR SCANNER
o MULTISPECTRAL SCANNER

Table 8. WB-57F/C-130 Photographic Capabilities.

CAMERAS: Metric, High-Resolution, Multiband

FILM TYPES: Color, Color Infrared, Black & White,
Black & White Infrared

FILM SIZES: 9-1/2 Inch, 5 Inch, 70-MM

RESOLUTION: Approximately 1.5 M at 20,000 Ft.

6" F.L. Metric

Approximately 5 M at 60,000 Ft. Cameras

Altitude

1 Meter for High Resolution Cameras at 20,000 Ft.
Aititude

FILM PRODUCTS: Positive and Negative Transparencies
Continuous and Frame Paper Prints, Color & Black & White
Transparency and Paper Print Enlargements
Film Calibration & Analysis (Densitometry & Sensitometry)
Microdensitometry
Image Enhancement

Film/Filter Selections
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from satellites is already an operational process. In fact, however,
with the exception of meteorology, there are at present no officially
"operational" space remote sensing programs, no programs of indef-
inite duration which provide specific products and services.

The most useful satellites at the present time are the LANDSAT
series of which LANDSAT 3 is in operation (launched March, 1978) and
LANDSAT D (4 after launch) which is scheduled for launch in 1981. The
primary sensor system aboard the LANDSAT is a four channel electro-
mechanical device called the Multispectral Scanner or MSS, Figure 5
shows the spectral bandpasses of the MSS. The LANDSAT 3 MSS covers a
185 km swath width with an instantaneous field of view at nadir of
79 X 79 meters. LANDSAT 3 is in near polar orbit at an altitude of
between 880 km and 940 km with an equator crossing time of approximately
0942 giving a repeat coverage of 18 days (Figure 6). The LANDSAT orbit
does not compensate for changes in solar altitude, azimuth or intensity.
These variations, plus cloud cover and atmospheric turbidity, make this
system generally unreliable for monitoring of disasters.

In addition to the MSS, LANDSAT D will carry a next generation
electromechanical scanner named the thematic mapper (TM). The TM
provides 30 meter "footprints"” (nadir IFOV) in six spectral bands from
the visible to 2.4 um infrared and a 120 meter "footprint” in the 10-12 um
thermal IR spectral region (Table 9).

Electromechanical scanners such as MSS and TM have inherent dif-
ficulties providing near real time, high resolution imagery useful for
emergency management. Even if the satellite crossing time corresponded
to the disaster period, the skies were cloudless and all sensors were

working, since the LANDSAT program is research and not operational,
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it is doubtful if the data products delivery time would allow these
monitoring systems to be useful for the time of i{mminent warning and
during the actual disaster period.

It is apparent that, if space remote sensing is to have major use-
fulness for emergency management, increases in spectral and spatial
resolution and temporal coverage will be necessary. It is anticipated
that by the mid-1980's, operational domestic geosynchronous and orbiting
satellites will be equipped with off-axis pointable zoom sensors. These
sensors may be capable of up to ten meter spatial resolution, within a
20 n. mi. wide landpass array. The Multispectral Resource Sampler (MRS),
tentatively scheduled for launch in 1984, will use multispectral linear
array technology. Characteristics of this sensor system are provided in
Table 10.

Another future system scheduled to use the new linear array scanning
technology is STEREOSAT. STEREOSAT is »e2ing designed to provide sterio-
scopic imagery from which one can derive parameters such as slope of
the ground, direction and offset of faults, etc. Table 11 shows the
probable mission parameters of STEREOSAT.

Other space systems that are currently in operation or planned
for the next decade include the Heat Capacity mapping mission (two
thermal channels, 600 meter IFOV, nine day interval) SEASAT (synthetic
aperture radar) and the Space Shuttle., The Space Shuttle, with its
spacelab will allow scientists to make visual observations, note unique
features or events and concentrate on specific areas for a limited time.
On-board computers will provide near real-time processing and improved

data handling capabilities,




Table 10. Proposed Multispectral Resources Sampler
(MRS) Sensor Characteristics.

SPECTRAL RANGE:

SPECTRAL BANDS:

SPATIAL RESOLUTION:

SWATH WIDTH/MODES:

RADIOMETRIC SENSITIVITY:

DATA RATE:

POINTABILITY:

SPEED OF POINTING:

0.36 um to 1.0 um

4 Arrays, Each With 2000 Detectors
5 Selectable Filters/Array
Bandwidths > 20 nm

Polarization filters

15 Meters Max

15 kms at 15 m (4 Bands)
At 15 m (2 Bands)
30 kms -§{ At 15 m (4 Bands, 50% Sampling)

At 30 m (4 Bands)

Approximately 0.5% NEAp (8 Bit)

15 Mega Bits/Second

2 Axes
+ 40° Across Track
+ 55° Along Track

30°/Second Across Track

5°/Second Along Track




Table 11.

CAMERA SYSTEM:

SENSOR:

ORBIT:

SWATH WIDTH:

RESOLUTION:

BASE-TO-HEIGHT RATIO:

COVERAGE CYCLE:

DATA TRANSFER:

25

Stereosat Proposed Mission Parameters.

Three Pushbroom Scanners:

Fore, Aft, and Nadir

Two 2,048 Linear Arrays Per Camera

LANDSAT Capability: 700 km, 98.2°

Inclination; Sun Synchronous

61 km

15 Meter IFOQV

1.0 and 0.47

48 Days

TDRSS




Other new space remote sensing activities of the next decade
include a multimission modular spacecraft (MMS) and a multimission
platform with an array of applications in sun synchronous orbit to

be developed and launched by the French Government (SPOT-1).

The F.E.M.A. contract's Statement of Work did not specify any
contractor responsibility in the area of communications and data flow
requirements. The workshop attendees, however, expressed the importance
of development of a system that could be used for both voice communica-
tion and to transmit and log remotely sensed and other data.

Following the first workshop, Dr. Morrell of the Mitre Corporation,
provided this project office with a copy of a report entitled, '"Advanced
Technolngy Direction and Control Communication Systems'" prepared for
DCPA and dated August, 1979. The reader is referred to the Mitre report
(Contract #DCPA-01-78-C-0259 by Leuppert and Morrell, Mitre Corporation,

Washington c3 Operations, 1820 Dolly Madison Avenue, McLean, VA 22102).

Data interpretation of remote sensing includes both the visual
analysis of pictorial imagery and the numerical evaluation of spectral
patterns, usually brightness patterns. The visual techniques make use
of the human eye and mind to qualitatively evaluate spatial patterns in
a scene. Subjective judgement based on visual evaluation is often suf-
ficient for interpretation and decision making. The human eye is limited,
however, in its ability to discern tonal values and spectral characteris-

tics in a scene. In addition, visual interpretation can be very labor
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intensive when numerous scenes must be evaluated simultaneously. In
recent years, computer assisted analysis techniques have been developed
which allows the data analysis process to be largely automated and which
can provide quantitative information on the spectral characteristics of
the elements within a scene.

Information extracted through the process of computer reduction
and enhancement of airphotos, thermal scanners, side looking radar, etc.
is almost always ''mapped" in some sense. That is, the decision maker
usually prefers to have the information displayed so that the interpreted
information can be interpreted in a spatial context. Perhaps the simplest
method for merging information that can be displayed on a map is the map
overlay method, in which each data set is prepared on a transparent map
sheet. One of the principal advantages of the map overlay method is that
it requires little specialized equipment. For emergency management appli-
cations, it suffers at least three distinct limitations. First, the
time requirements for preparing the overlays may be greater than the time
frame in which the decision is necessary. Second, the scale of interest
often changes between phases of the disaster. Thus, large scale overlays
useful for pre-disaster planning may be of limited value during the actual
disaster period. Third, it is often difficult to quantify the results of
the overlay analysis using only manual computation of areas on the com-
posite map.

By computer coding map information, the data are stored according i
to location in some spatially ordered geo-based file. Svstems designed
to store, manipulate and display remotely sensed data are available
through WASA and other federal agencies and are also available through

contract service companies.
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UTILIZATION OF REMOTE SENSING IN DISASTER RESPONSE

Categories of Disasters

The workshop was instructed by FEMA Emergency Operation System
Research to consider the application of remote sensing technology to :

a specific list of disasters. It was found that these could be cate-

ax

oorized into one or more of four areas: (a) atmospheric events;

(b) tectonic events; (c) failure of man-made structures; and (d) overt

acts of agression. Table 12 shows the individual topics considered under

each category.

Table 12. Categories of Disasters.

Failure of Overt Acts

Man-Made of Agression
Atmospheric Tectonic Structures and Other
Floods Avalanche Explosion Arson
Blizzards Land Sligde Dam Failure Telecommunications
Snowstorms Earthquake Expansive Soils Gas Shortage
Drought Land Subsidence Land Subsidence Terrorism
Hail Tsunamis Water Erosion Strike
Hail Damage Volcano 0il Spills Riot

Hurricane

Tornado

Air Pollution

Inversions

Hazardous Materials

Hazardous Chemicals

Radiation Hazard

Blackout

Nuclear Waste
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A few topics were included in the list provided by FEMA that were
not considered by the workshops to be hazards or disasters or were in-
sufficiently defined to be able to evaluate. These were: crop(s),
emergency medical services, heating oil, natural gas, data processing,
mitigation and relocation.

Another method of categorizing disasters would be:

a) no warning - local

b) no warning - regional or nationwide

¢) advance warning - local

d) advance warning - regional or nationwide

Examples of these might be:

a) arson, explosions, oil spills and landslides

b) nuclear accident, hazardous material release, telecommuni-
cation disruption, power blackouts

¢) volcano eruption (usually), hail, strike, air pollution,
An example of a local disaster with warning and time known
but exact location unknown was the return of Skylab to
earth.

d) hurricanes, drought, blizzards, tsunamis, gas shortage.
One example of a regional disaster with location known but
exact time of occurrence unknown is the next major earthquake

along the San Andreas fault in California.

Rank ordering of disasters by importance is generally not possible,
being entirely a function of the potential impact upon the person doing
the ranking. River flooding is the most widespread geophysical hazard
in the United States with a greater property loss than any other type of

disaster. Serilous flood potential exists for seven percent of the total
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=

United States' land area directly affecting some ten million persons.

o N A <=

Table 13 shows that allocation from the President's disaster fund for

-——

floods during 1961-1970 was only seven percent of the total. The cost

-
‘ of flood damages paid from federal or state funds usually does not

: include agricultural production losses, disrupted transportation or

i long term effects on floodplain ecology.

TS s gy

Table 13. Number of Major Disaster Declarations and Allocations From
The President's Disaster Fund, 1961-1970. (Office of
Emergency Preparedness)

]
]
d
Disaster % Occurrence % Allocation of Disaster Funds

Ef

y

. Severe Storms 45 44

| Floods 22 7
Hurricanes/Typhoons 12 31
Tornadoes 12 7
Earthquakes and Tsunamis 2 8
Forest Fires 2 2
Other 5 1

Phases of Monitoring Activities

Ideally, a monitoring program would include remotely sensed and

conventionally acquired data during the period before, during and after

the event takes place, Some disasters such as explosions, telecommunication

failure and the like are not amenable to using remote sensing in the pre-

vent event phase. In general, remote sensing is probably most valuable

in pre-disaster planning for slowly developing disasters, quantification
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of hazard analysis and post-disaster evaluation of damage, evacuation

routes, rehabilitation and reconstruction. In the case of large storms
such as hurricanes and typhoons, satellite and aircraft remote sensing
is proving to be an exceedingly valuable tool for monitoring the storm
track, size and intensity. Multiband and doppler radar are also being

used in most areas of the state to monitor severe storms.

RECOMMENDATIONS FOR UTILIZATION OF REMOTE SENSING
TECHNOLOGY IN DISASTER RESPONSE

Attendees at both workshops expressed strongly the fact that it is
not productive to address the technology of remote sensing until there
is a good understanding of the problems, the solutions to which additional
data and information are required. It was recognized that FEMA is a new
agency. No groups were identified from within the organizations merged
into FEMA that had expertise in the acquisition, handling and interpreta-
tion of remote sensing products for emergency purposes. The recommendations
of this report are synthesized from comments and suggestions made by the
workshop attendees and are predicated on the concensus that: (1) remote
sensing technology can and should become a viable part of FEMA's operations;
and (2) FEMA will develop the institutional capability to incorporate this

technology into its emergency management plans.

Specific Recommendations

1. The first and most important activity that must be undertaken
is to develop a clear understanding of the pre-~, trans- and post-disaster
information requirements. To do this; it is recommended that scenario

study groups be organized to identify and prioritize disaster sensitive
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areas, determine the probability of occurrence, the population, cost
and other requirements, This activity should be conducted at both

the national and regional level. It is suggested that, rather than
conduct such scenario studies for all conceivable disasters, the
following classes of disasters be considered: (a) atmospheric,

(b) tectonic, (c¢) failure of man-made structures, and (d) overt
actions. Information should be developed for each of the five

disaster related phases: (a) preparedness, (b) warning, (c) emergency,
(d) rehabilitation, and (e) reconstruction.

2. Using the results from (1) above, study groups of individuals
who have had first hand experience in the disaster classes should
develop the type of information needed for each of the disaster phases --
its dimensions, accuracy, time frame needed, etc.

3. From the results of (2) above, it would then be possible to
establish regional data bases for meeting the needs of emergency manage-
ment personnel. It is the strong belief of the workshop attendees that,
while many data bases exist in federal, state and local agency offices,
FEMA must get a mandate from the White House if necessary, to establish
strong disaster information data base centers in each region. These
centers should be given access as needed to the other data bases, but
should have the responsibility of providing the data and information

products identified. These regional centers should be part of a National

Emergency Center within FEMA with communication capabilities to allow
pooling of information on short notice. In addition, the regional centers
should develop direct coordination links with the NASA Remote Sensing

Data Center at Sioux Falls, South Dakota and with the NESS Regional

Meteorological Satellite Support groups which are just now being formed.
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The regional centers should have responsibility for developing the data
bases of current conditions and would have a continuing research effort
on the space and time monitoring requirements for each type of emergency.

4. When the results of the study groups on types of information
needs are complete, it can be determined which of these needs can be
met with remotely sensed data products. An exercise on this was recently
completed by the Committee on International Disaster Assistance of the
National Academy of Sciences (National Research Council, 1979) in which
the possible uses for remote sensing in freshwater and seawater floods
and storm surges, earthquakes and droughts were analyzed. Since the
uses of remote sensing would be markedlv different for a flood on the
Mississippi River in Louisiana and one on the Big Thompson River in
Colorado, for example, it is believed that the determination of remote
sensing requirements (spatial, temporal and spectral) can best be made
at the regional center level.

A valuable, yet inexpensive, resource in remote sensing applications
available to FEMA exists in the MODBES (Mobilization Designee) Program,
This program, which is to be supported by FEMA beginning in FY 81, is
known to contain several individuals that could contribute significantly
in planning and as consultants, as their civilian occupations are directly
related to aspects of remote sensing. One such individual was called
upon to contribute to this study. That program should be surveyed for
skills that could contribute to the FEMA remote sensing program and the
resource utilized.

5. At the time of the workshop, it was understood that no inter-
agency agreements had been signed between FEMA and NASA, USDA, USDI,

DOD, etc, FEMA can and should provide strong political, moral and
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financial support to NASA, DOD and other agencies involved in acqui-
sition and interpretation of satellite and aircraft remote sensing.
Binding interagency agreements should be developed to give FEMA first
priority on getting satellite and aircraft imagery during the phases
of warning, emergency and rehabilitation for specified emergencies.
6. Discussions leading to interagency agreements between NASA,
DOD and FEMA on the dedicated use of specified aircraft for high and
low level overflights. The type of emergency, the timing and heights
of the overpass flights and the sensors should be determined in advance
by the regional centers based on the results of recommendation (2).
7. It is recommended that FEMA not attempt to develop its own
remote sensing capability either in-house or under contract at this
time. The agency should, however, evaluate the capability that DOE

has developed in this area for possible future implementation.

Since it is expected that FEMA cannot meet the personnel and
financial requirements to establish regional data base information
centers recommended in (3) above in all areas of the country at once,
the workshop attendees recommend following the activities of recommenda-
tions (1) and (2). FEMA conduct the following experiment:

1. Select two reglons having different climate, population

patterns and types of potential emergencies.

2. Prepare a ranked list of the most serious emergencies to be

anticipated in each of the test areas.
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l remote sensing information needed for that ''disaster’ can be

| acquired in a time and space scale that is useful. This includes

'3 6. Determine whether the remote sensing input is adequate (both

orlz

3 requesting the required data from the sources identified in (4).
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3. Develop a complete operations plan for meeting one or two of
the most serious emergencies -- including all data bases of
importance (population patterns, transportation, power grids,
etc.) for these potential emergencies.

4. Identify all the remote sensing monitoring that will be useful
in upgrading the data base for pre~, trans- and post-event
conditions. Determine where these data can be acquired for
that region.

5. Conduct a paper scenario experiment to determine whether the

time and space); if not: determine if this can be rectified
by better agreements with source agencies -- or organizations,
or if FEMA needs to develop their own monitoring arm.

This experiment will provide further refinement of the requirements

of the regional data bank information centers when they are established.
From the workshop analyses, it is apparent that a serious need exists
for better methods of gathering, transmitting and analyzing data prior to,
during and following a natural or man-caused disaster, an act of terrorism
or a military attack. It is equally apparent that remote sensing can aid
in providing at least part of the data needed. Given the variety of both
classified and unclassified sensor systems and technologies for monitoring
from satellites and aircraft, the capability exists to obtain nearly all-
weather high resolution continuous coverage of any area of the United
States within an appropriate time frame -- given sufficient national

priority is attached to this effort.
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EXECUTIVE SUMMARY

The United States has made great strides in the past decade in
developing new technology and instrumentation in the field of remote
sensing. This technology appears to have a high degree of usefulness
in providing information during times of national or regional emergencies.
To this end two workshops were held to identify areas where remote sensing
technology has its greatest utility in emergency situations and to develop
recommendations for implementation of an appropriate remote sensing program
into the newly formed Federal Emergency Management Agency.

Two workshops were instructed by FEMA Emergency Operation System
Research to comnsider the application of remote sensing technology to a
specific list of disasters of emergency conditions. These are listed

and categorized as follows:

Failure of Overt Acts
Man-~Made of Agression
Atmospheric Tectonic Structures and Other
Floods Avalanche Explosion Arson
Blizzards Land Slide Dam Failure Telecommunications
Snowstorms Earthquake Expansive Soils Gas Shortage
Drought Land Subsidence Land Subsidence Terrorism
Hail Tsunami Water Erosion Strike
Hail Damage Volcano 0il Spill Riot

Hurricane

Tornado

Air Pollution

Inversions

TV ST TN S A AL QWP o e v e

Hazardous Materials

Hazardous Chemicals

Radiation Hazard

Blackout

Nuclear Waste
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In addition, crops, food supplies, energy sources, medical facilities,
and items that could impact mitigation and relocation were considered.
! These disasters or emergency situations could be further categorized as
to warning time and regional extent. Ranking of disasters in the order
of importance is generally not feasible or even practical; however, it
has been shown that severe storms, floods, and hurricanes have histor-
ically received a high percentage of the disaster funding. ;
Ideally, a monitoring program to meet FEMA needs and requirements
would include remotely sensed and conventionally acquired data during
the periods before, during, and after the events take place. Some dis-
 : asters are naturally not amenable to data collection before they occur.
~é It is believed, however, that remote sensing could have a pre-event role
Ji by retrieving previously archived remote sensing data to use as a partial
or supplementary base line. Remote sensing definitely has a major poten-
% tial role in quantifying the event and in the post-disaster damage

evaluation and quantification. It also appears to have an important

role in post-disaster cases where evacuation and recovery operations

must be considered.

4 Given FEMA's mission, the general recommendations of the workshops
were that remote sensing technology should definitely become a viable
portion of the FEMA operation and that FEMA should proceed as quickly

as possible to develop the institutional capability to incorporate this
technology into its emergency management plans. However, with the
potential for strong support in the field of remote sensing from other
federal agencies, the workshop attendees saw no need for FEMA to develop
its own remote sensing acquisition and interpretation capability, either

in-house or under contract, at this time.
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The workshop attendees strongly expressed the opinion that it is
not productive to address the technology of remote sensing operations
1 under emergency conditions until there is a good understanding of the

¥ problems and data requirements. Thus they recommend that scenario study

groups be organized to identify and priloritize disaster sensitive con-

ditions; and determine the probability of occurrence, the population

i

directly and indirectly impacted, and other pertinent conditions and !
their attendant data requirements. It was suggested that this type of
scenario study be conducted at both national and regional levels. It

was further suggested that the scenarios be broken into five segments:

1) preparedness, 2) warning, 3) event, 4) recovery and 5) rehabilitation.
It is believed this approach will show the needs for remotely sensed

data and indicate how these data can be integrated with the conventionally

acquired data. After the data requirements have been established on a

o e T

scenario basis, regional data bases can be considered.
Regardless of whether or not the scenario approach is used, it was

the consensus of the two workshops that the most important steps that

FEMA can take at this time are to:

1. Determine the spatial and temporal data requirements and

Loa

information needs and the role that remote sensing can

2 . Ay et .

effectively play.
k! 2. Determine the locations of existing data bases of remotely
} sensed data appropriate to FEMA requirements.
3. Establish interagency agreements to acquire and interpret
the remotely sensed data required for specific types of

disasters.
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4., Establish procedures for converting remotely sensed data
into information usable for the decision-maker.
5. Identify the person(s) requiring the information.

6. Establish the appropriate communication links for integrating

the remotely sensed data with the conventionally obtained data.

In addition to the current programs, it appears significant that
in Fiscal Year 1981 FEMA will support the Mobilization Designee Program
(MOBDES) in which individuals not necessarily federal employees can be
called upon to assist with regional problems. This concept should be

encouraged to meet specific personnel requirements.
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